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The castor bean belongs to that  group of seeds that  contain  large 
quantities  of  fat and  no  carbohydrate  before  germination.  As  ger- 
mination  proceeds the fat stores decrease  and  carbohydrate  appears 
(Green,  1890)  (see also Paper III following).  The purpose of this in- 
vestigation was to determine whether or not the combustion respira- 
tory quotient rose with succeeding stages of germination, thus indicat- 
ing a  change from an oxygen-poor to an oxygen-rich substance. 
Apparatus 
By combining the Benedict and Fox (1925) oxycalorimeter and the Benedict 
universal metabolism apparatus and introducing  a  more effective cooler,  one is 
enabled to obtain accurate respiratory quotients upon the combustion of small 
amounts of thoroughly dried plant or animal material.  Fig.  1 is a diagrammatic 
illustration of the  arrangement.  The cooler is made from a  hot  water heater 
coil installed in a large metal can filled with cold water.  The water bottle preced- 
ing the spirometer is inserted in order partially to control the temperature of the 
air.  If one is very careful to keep drafts from the spirometer bell and quickly 
cool the Pyrex lamp chimney with a cold wet cloth immediately following the com- 
bustion, there is no difficulty  in keeping the temperature of the air in the spirom- 
eter at the same point as it was before combustion.  This eliminates temperature 
change corrections. 
In order to check the accuracy of the apparatus e.P. sucrose was used.  Checks 
with  sugar were also made at various intervals during the experiments on the 
castor beans.  Table I is representative of the values obtained for sucrose. 
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TABLE  I 
ol  co2  R.Q. 
lilts  per gin, 
0.78~8 
0.7790 
0.7677 
0.7558 
0.78~ 
0.7675 
0.7602 
~teys per gin. 
0.7850 
0.7730 
0.7731 
0.7560 
0.7817 
0.7794 
0.7606 
1.001 
0.992 
1.007 
1.000 
0.996 
1.015 
1.000 
Average .... 0.7712  0.7727  1.002 
EXPERIMENTAL 
The pericarp of the ungerminated bean was removed and the remainder of the 
bean immediately weighed and placed in the combustion chamber.  Sufficient oil RAY  G.  DAGGS  AND  H. S.  HALCR0-WARDLAW  305 
is present to insure  good combustion without drying. The results  obtained by 
burning the ungerminated bean in the moist state  are shown in Table II.  Gen- 
erally  two  whole  beans  were  used  for  each  combustion. 
Good  sound  hard  beans  were  selected  and  placed  in  a filtered  solution  made from 
I0  gin.  of  commercial chloride  of  lime  and 140  cc.  of  water (Wilson,  1915).  They 
were  kept  in  this  chlorine  solution  for  15  minutes  in  order  to  sterilize  them against 
bacteria  and mold.  After  this  treatment they  were  individually  washed in  sterile 
water to remove the excess  chlorine  and placed betwccn layers  of damp sterile 
filter  paper on a piece  of window glass.  A sterile  water bath was inverted  over 
them excluding  all  light  but permitting  a small  amount of ventilation  through  an 
opening loosely  filled  with cotton and shielded  from the light. As required,  the 
filter paper was dampened with sterile water.  When  the desired stage of germi- 
nation was reached, the endosperm was freed from the clinging pericarp and the 
entire bean and young plant cut into small pieces and placed in the vacuum desic- 
cator until thoroughly dehydrated.  The stages of germination  were chosen arbi- 
trarily depending  only upon the length of the hypocotyl. 
TABLE  II 
No. of experiments 
Length of hypocotyl  0~  C02  R.Q.  on which average 
is based 
Ungerminated 
Average  5.0 
"  16.3 
"  33.6 
"  65.0 
"  112.0 
lilts per gm. 
1.542 
1.550 
1.527 
1.359 
1.167 
0.992 
liars p~ gin. 
1.166 
1.169 
1.168 
1.110 
1.014 
0.909 
0.756 
0.754 
0.765 
0.817 
0.869 
0.919 
12 
10 
9 
8 
4 
6 
There is undoubtedly a greater variation among germinated beans 
of the same length of new  growth than among the ungerminated beans. 
However, this seemed to be the best criterion since the number of days 
of germination and other means of determining  different  stages  of 
germination showed greater variations.  Table  II gives  a  sllrnmary 
of the findings.  It is rather unsatisfactory to try to germinate  the 
seeds  in  the  dark  by  the  method  described  (see  Paper  III  for  a 
more  successful method),  much  farther  than  to  a  length of hypo- 
cotyl of slightly over 100 ram., because the tip of the radicle becomes 
quite darkened and begins to die.  However, a  few beans were suc- 
cessfully germinated to a  greater length as can be seen in the graph 
(Fig. 2), in which the data  are summarized.  It is  clear that as ger- 306  FAT  CHANGED  TO  SUGAR  IN  CASTOR  BEAN.  II 
ruination proceeds the plant gains in  an oxygen-rich substance and 
becomes  poorer  in  an  oxygen-poor  substance,  for  the  volume  of 
RQ, 
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oxygen required  for  combustion of  the  entire  germinating seedling 
grows steadily smaller per gram of dry matter.  The volume of COs 
produced per gram of dry matter, however, remains nearly the same. RAY  G.  DAGGS  AND  It.  S.  HALCRO-WARDLAW  307 
There is therefore more oxygen already present per unit of carbon 
contained in the dry matter. 
To check again the efficiency of the apparatus used to obtain the 
above data,  organic combustions were done on a  few of the beans. 
An ordinary gas combustion furnace was used.  The carbon dioxide 
was collected in potassium hydroxide and the water in sulfuric acid. 
The ash and the nitrogen were determined and the oxygen contained 
in the bean obtained by difference.  Knowing these factors one can 
easily calculate the additional oxygen used in the combustion and thus 
determine a respiratory quotient.  Table III gives the data obtained 
by organic combustion.  The results check fairly well with those ob- 
tained with the modified oxycalorimeter. 
TABLE  III 
Length of hypocotyl  02  CO~  R.Q. 
Ungerminated 
17 
150 
liters per gin. 
1.548 
1.530 
1.501 
1.571 
0.897 
Hlers per &'m. 
1.158 
1.147 
1.131 
1.180 
O. 824 
O. 748 
O. 750 
O. 754 
O. 751 
O. 920 
In an attempt to find where the oxygen-rich substance was most 
abundant in the germinated bean, several combustions were done on 
the young plant alone (cotyledons, hypocotyl, and rootlets) and on the 
remaining endosperm.  Table IV is representative of the results ob- 
tained. 
It will  be  noticed that  there is no consistent change in the R.  O. 
of the young plant with respect to the stage of germination, thus indi- 
caring that the new tissue formed remains of substantially the same 
composition.  The R.  Q.  of the endosperm, however, increases with 
the stage of germination.  This doubtless means that the seat of for- 
mation  of  the  oxygen-rich substance  is  in  the  endosperm.  It  is 
of interest to check the weighted respiratory quotients obtained from 
Table IV with the combustion respiratory quotients found in Table II. 
The  endosperms  of  the  35  rmn. group in  Table IV weighed (dry) 
2.1356 gin. giving an R.Q. of 0.813 and the young plants weighed 0.2087 308  :FAT  CHANGED  TO  SUGAR  IN CASTOR  BEAN.  II 
gin.  with an  R.Q. of 0.932.  The resultant R.Q. of the combination 
would be 0.823 which checks fairly well with an R.Q. of 0.817 for a 
group of 33.6 ram. length shown in Table II.  Taking another example, 
the endosperms of the  113  ram. group in Table  IV  weighed  (dry) 
1.7505 gm. with an R.Q. of 0.859 and the young plant 1.0298 gin. with 
an R.Q. of 0.966.  On calculating the proportional amounts of each 
the resultant R.Q. is 0.899.  The R.Q. for the 112 ram. group in Table 
II  is 0.919. 
TABLE  IV 
Average  length  [  of hypocotyl  02 
Endosperm 
CO2  R.Q. 
35 
52 
85 
95 
113 
134 
liters  per gin. 
1.452 
1.378 
1.171 
1.211 
1.163 
1.306 
Htces per gin, 
1.181 
1.129 
0.988 
1.034 
0.999 
1.133 
0.813 
0.819 
0.843 
0.854 
0.859 
0.868 
35 
52 
85 
95 
113 
134 
1.230 
1.074 
0.903 
0.934 
0.908 
1.014 
Young  )lant 
1.146 
1.033 
0.847 
0.884 
0.877 
0.940 
0.932 
O. 962 
0.938 
O. 947 
0.966 
0.927 
The exact nature of the material formed to produce the change in 
combustion R.Q. is not revealed by this study.  Taken in conjunction 
with the results given in Paper I  and the literature cited therein, the 
observations here recorded are entirely consistent with the view that 
the fat (oil) of the castor bean is converted to carbohydrate (sugar) 
in the endosperm in the course of germination, and is at least partly 
stored in the young plant.  The chemical analyses and their correla- 
tion with the respiratory quotients will be found in Paper III, imme- 
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SUMMARY 
The combustion respiratory  quotients of castor  beans  germinated 
to various stages,  depending upon the length of the hypocotyl, were 
determined by means of a  modified oxycalorimeter. 
After germination was well started,  the respiratory quotient of the 
combusted germinated seed increased as the stage of germination in- 
creased, indicating a  change from an oxygen-poor to an oxygen-rich 
substance, probably fat to sugar. 
The accuracy of the method was checked by organic combustions. 
The seat of formation of the oxygen-rich substance is in the endo- 
sperm. 
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